Abstract We examined the differences between the ground-motion estimations of local and global prediction equations and explored some seismological parameters that may explain these differences. To achieve this objective, we first derived a set of ground-motion prediction equations (GMPEs) for estimating peak horizontal acceleration, velocity, and pseudospectral acceleration using the recently compiled Turkish ground-motion database. The new GMPEs are comparable with the recent global GMPEs in terms of model sophistication, and they are based on a well-studied national dataset. Using global GMPEs from the Next Generation Attenuation of Ground Motions project (Power et al., 2008) and the pan-European Akkar and Bommer (2010) model, we observed that the discrepancy between local and global GMPEs is more prominent at small magnitudes provided that the GMPEs possess similar magnitude limits. Our more detailed comparisons with the pan-European Akkar and Bommer (2010) predictive model, as well as with the estimations from a combined Italian and Turkish accelerometric dataset, indicate that depth can be of importance for delineating the differences between local and global GMPEs.
Introduction
Recent evaluations have shown that empirical groundmotion prediction equations (GMPEs), which are based on well-compiled global strong-motion databanks, estimate comparable ground motions if they are provided a similar level of complexity in their functional forms. For example, Stafford et al. (2008) and Campbell and Bozorgnia (2006) , who independently explored the level of agreement between the global pan-European and Next Generation Attenuation (NGA) prediction equations, concluded that the NGA equations can be applicable for the seismic hazard estimation of shallow crustal active seismic regions in Europe. Despite the overall agreement between these global models, other evaluations have emphasized that there might be considerable differences between the global European and NGA groundmotion models for some particular earthquake scenarios . Similarly, the internal evaluation of NGA models showed significant divergence among each other; as much as a factor of 2 in the case of both large and small magnitude events . The validity of global GMPEs to different geographical locations also has been questioned by Hintersberger et al. (2007) and Drouet et al. (2007) , thus emphasizing the contrasting arguments because the latter study confirmed the application of such GMPEs to geographical regions outside their zone of origin while the former study showed cases opposite to this finding. These studies highlight the continuing need of GMPEs to include more sophisticated parameters in terms of distance, style of faulting, site classification, etcetera, to delineate regional differences more objectively (Douglas, 2007) . Perhaps a more important conclusion of these studies is the significance of epistemic uncertainty requiring the consideration of a set of predictive equations for a better quantification of seismic hazard in a region. As indicated in Bommer et al. (2010) , this fact can be more crucial, in particular for regions of low seismicity with relatively scarce data.
One way of accounting for epistemic uncertainty while determining the regional seismic hazard levels can be the utilization of both region-specific and global GMPEs. This task would require more elaborate regional predictive equations that are compatible with the general features of global GMPEs. A good example for such an effort is the recent prediction equation of Bindi et al. (2010) . This GMPE is derived from one of the latest versions of the Italian strong-motion database (Luzi et al., 2008) , and it is tailored with the new developments in ground-motion modeling. Similar efforts for the enhancement of strong-motion databases are being carried out both in other national projects (e.g., 
and international projects (the Seismic Harmonization in Europe-European Community 7th Framework Program
Project and the Network of Research Infrastructures for European Seismology-European Community 6th Framework Program Project). Inherently, the main target of national projects is to produce improved GMPEs that can be integrated with the global predictive models. A typical illustration about the necessity of improving local GMPEs is presented in Figure 1 . This figure shows the residual scatters of previously computed Turkish GMPEs to verify their performance by using the recently compiled Turkish strong-motion database ; see also the Data and Resources section). Major features of these GMPEs are given in Table 1 , and the residual analyses were done by considering their limitations described by the model developers. The GMPEs were derived from the older versions of Turkish accelerometric data and tend to overestimate the ground motions that can be attributed to the assumptions made by their developers due to insufficient level of database knowledge (i.e., estimated site conditions, source-to-site distance metrics, and hybrid magnitude scaling; at the time they were derived.
In this article, we first derived a set of predictive equations from the aforementioned new Turkish strong-motion database. The equations are valid for a distance (JoynerBoore distance, R jb ) range of 0-200 km and are derived for moment magnitudes between 5 ≤ M ≤ 7:6. They consider the effects of nonlinear soil behavior and style of faulting and can be considered as a good example for local GMPEs that are derived from a well-studied regional database. We then compared the new GMPEs with the global NGA and pan-European (i.e., Akkar and Bommer, 2010) GMPEs to address the differences between regional and global groundmotion models in terms of some important seismological Figure 1 . Normalized residual scatters of GMPEs that are proposed by Kalkan and Gülkan (2004) , Özbey et al. (2004) , and Ulusay et al., (2004) . The residuals of Ulusay et al., (2004) could not be presented in the normalized form because this study does not report the standard deviation. The residual scatters show significant bias toward conservative estimations for magnitude, distance, and site class estimator parameters. (Note: our comparisons include aftershock records, and originally aftershock events were not considered in Kalkan and Gülkan, 2004) . The color version of this figure is available only in the electronic edition. parameters. To describe the possible regional differences in our model with respect to the global GMPEs considered, we particularly focused on the pan-European ground-motion model and compared its estimations in more detail with those of this study, as well as to the ground motions estimated from the combined dataset of Turkish and Italian strong-motion recordings (see Data and Resources section). Our statistical observations on the fundamental seismological parameters of these strong-motion databases suggest that depth can be of importance to highlight the regional differences even for crustal events. We would like to stress that the aim of discussions presented here is not to promote the use of poorlyconstrained local models in order to account for the regional effects on ground-motion estimations. On the contrary, we emphasize the usefulness of reliable local models that are based on well-studied large datasets and encourage their use with global GMPEs to reduce the modeling uncertainty while estimating the hazard for the particular region of interest.
Strong-Motion Databank
The databank used in this study is compiled within the framework of the project entitled "Compilation of Turkish Strong-Motion Network According to the International Standards" (see Data and Resources section). The procedures followed to assemble the database are described in and Sandıkkaya et al. (2010) . The database contains 1259 records from 573 earthquakes with moment magnitude and source-to-site distance ranges of 3:5 ≤ M ≤ 7:6 and 0 km ≤ R jb ≤ 200 km (Fig. 2a,b) . A significant portion of the data pertains to recordings of small events with M < 5. The two largest magnitude events in the database are the 1999 Düzce (M 7.1) and Kocaeli (M 7.6) earthquakes whose ground motions exhibit relatively low-amplitude peak motions when compared with other similar size earthquakes, elsewhere. The low-amplitude waveforms were attributed to the observed surface rupture in these events (Kagawa et al., 2004) . The majority of the ground motions are from National Earthquake Hazards Reduction Program (Building Seismic Safety Council, 2009 ) site classifications C (360 m=s ≤ V S30 < 760 m=s) and D (180 m=s ≤ V S30 < 360 m=s). There are very few waveforms with V S30 ≥ 760 m=s. As illustrated in Figure 2b , the database is dominated by the strike-slip events (70% of the entire dataset). Records corresponding to normal events make up 28% of the database, and records corresponding to reverse/thrust events constitute only 2% of the database. Another distinct feature of our database is the higher percentage of singly recorded events that, for example, exceeds the corresponding percentage in the pan-European strong-motion database of Akkar and Bommer (2010) by a factor of 2. The reader is referred to and Sandıkkaya et al. (2010) for a detailed view about the Turkish strong-motion database.
Functional Form
We explored several functional forms, trying to keep a balance between a rigorous model (for meaningful and reliable estimations) and a robust expression (for wider implementation in engineering applications). Equation (1) shows our basic expression for the geometric mean estimations of peak horizontal ground acceleration (PGA GM ), velocity (PGV GM ) and pseudoacceleration spectral ordinates (PSA GM ). This functional form is the base model in Silva (1997, 2008) and contains terms that account for saturation and magnitude-dependent decay effects.For M ≤ c 1 : Figure 2 . Magnitude versus distance scatters (a) for site class and (b) for faulting style of the Turkish strong-motion database.
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For M > c 1 :
In equation (1), the multiplier of the logarithmic distance term accounts for the magnitude-dependent ground-motion decay. It also controls the saturation of high-frequency ground motions at short distances (Abrahamson and Silva, 1997) . The long-period component behavior of ground motions are controlled by the linear and quadratic magnitude terms in the functional form. The constant c 1 is the reference magnitude, and it is fixed to 6.5 in this study. The parameters F N and F R are dummy variables for the influence of faulting, taking values of 1 for normal and reverse faults and zero otherwise.
Given the fully defined V S30 values at each station, we described the linear and nonlinear site effects by the site response function used in Boore and Atkinson (2008) (hereafter referred to as BA08). The original form of this model is proposed by Choi and Stewart (2005) . We choose this site response model among various alternatives due to its simplicity and its fairly good performance with our strong-motion database. This is illustrated by the distribution of normalized intraevent residuals of BA08 that are computed for the PGA and PGV values in our database (Fig. 3) . The intraevent residuals consistently yield conservative values (see the histogram plots and residual distributions presented in Fig. 3 ), but they do not exhibit any significant bias with the changes in V S30 . This is also illustrated by the good match between the histograms and the superimposed normal probability plots fitted to the normalized residuals. Exceptions to this observation are the few sites with V S30 > 720 m=s. Strictly speaking, it would be difficult to assess the performance of chosen site response model for high V S30 values because the database contains only few sites with V S30 > 720 m=s. The consistent overestimation by the BA08 model, in fact, points a general feature of our database: as stated previously, the ground motions in our database define an amplitude pattern relatively lower than other similar size events occurred around the world. This will be discussed in detail in the following sections of the paper.
The general form of the site response function (F S ) is given in equations (2), (3), and (4) for completeness: (Beyer and Bommer, 2006) . (See Table 1 After the emphasis of magnitude effect on the aleatory variability (Youngs et al., 1995) , many model developers have derived their GMPEs with magnitude-dependent sigma (e.g., Abrahamson and Silva, 1997; Campbell, 1997; Ambraseys et al., 2005; Bommer, 2007a, 2007b; . The reader is referred to Strasser et al. (2009) for a detailed review of studies on the description of aleatory variability in ground-motion models. In this study, we explored the magnitude dependence of sigma in our dataset using pure error analysis that was initially adopted by Douglas and Smit (2001) for ground-motion variability. We partitioned the magnitude-distance space into different bin sizes to observe the sensitivity of magnitudedependent sigma to the binning scheme. This way, we assessed whether the magnitude dependency is a specific feature of our database; an approach that has already been applied by Bommer et al. (2007) . Our findings from this exercise are similar to those of the aforementioned study, indicating a significant variation in magnitude-dependent sigma based on the adopted binning scheme. (For some specific cases, we even observed an increase in sigma with increasing magnitude, a trend that is contrary to the well-recognized variation of magnitude-dependent aleatory variability.) These observations led us to disregard magnitude dependency in sigma.
Recent studies have shown that large-magnitude databases tend to overestimate the ground motions of low-seismicity, depending on the center of the dataset (Bommer et al., 2007; Atkinson and Morrison, 2009) . Rapid decay of small magnitude events with distance and different ground-motion amplitude scaling between small and large magnitudes are defined as the two major factors for the discrepancies between GMPEs derived from small-magnitude and large-magnitude recordings (Cotton et al., 2008) . Based on these findings, we primarily intended to derive a model to capture the influence of small-magnitude and largemagnitude events on hazard estimation in an unbiased manner. We first derived PGA GM and PGV GM GMPEs using magnitude thresholds of M 3.5, M 4.0, M 4.5, and M 5.0. We focused on PGA and PGV in our sensitivity analyses as they can represent high-to-intermediate frequency ground-motion components, yielding a fairly rapid view about the influence of magnitude threshold on our model. The sensitivity analyses showed that GMPEs derived from the largest magnitude threshold (i.e., the dataset with 5:0 ≤ M ≤ 7:6) tend to overestimate the ground motions derived from the lower magnitude thresholds. Although this is consistent with the previous findings as indicated previously in this article, the groundmotion amplitudes estimated from lower magnitude thresholds follow a complicated order for M 4 comparisons (Fig. 4) . The PGA GM and PGV GM estimates from the 4:5 ≤ M ≤ 7:6 dataset are lower with respect to ground motions estimated from the datasets assembled using the recordings of 3:5 ≤ M ≤ 7:6 and 4:0 ≤ M ≤ 7:6. This is contrary to the expected trends observed in the relevant studies (e.g., Bommer et al., 2007; Atkinson and Morrison, 2009 ). Besides, our observations did not show any indication about the reduction of discrepancy between small-magnitude and largemagnitude threshold GMPEs with the increase in magnitude level. Speculatively, these observations could be attributed to the magnitude scaling specific to the crustal variations in Turkey. However, the bulk of the databank that results in a non-uniform magnitude distribution (Fig. 2a,b ) led us to consider the larger magnitude data with M ≥ 5 for the derivation of our GMPEs. Accordingly, a total of 433 accelerograms from 137 events (consisting of 102 mainshocks with 346 recordings and 35 aftershocks with 88 recordings) were considered in our regression analysis. We used the maximum likelihood methodology (Joyner and Boore, 1993) for the calculation of regression coefficients. Table 3 lists the regression coefficients and the standard deviations of the GMPEs derived for PGA GM , PSA GM , and PGV GM .
We derived spectral ordinate prediction equations for 0:03 s ≤ T ≤ 2:0 s. The data become scarce for T > 2:0 s when the Akkar and Bommer (2006) criteria are used for minimizing the low-cut (high-pass) filtering effects on elastic (Erdoğan, 2008) . We note that our choice of T 0:03 s, as the shortest period value, can be considered as conservative based on a recent study by Douglas and Boore (2010) . The PGA values can also be affected by high-cut filtering. Our PGA comparisons before and after the application of highcut filtering showed negligible differences, suggesting the reliability of PGA values employed in the regression analysis. The style-of-faulting coefficients (a 8 and a 9 for normal and reverse faulting, respectively) presented in Table 3 indicate smaller horizontal ground-motion amplitudes for normal (N) events when compared to strike-slip (SS) and reverse (R) faulting cases. Figure 5 compares our N:SS and R:SS ratios with those obtained from the NGA and pan-European global models for small (M 5) and large (M 7) magnitude events (see fundamental features of these models in Table 1 ). Although our model does not account for hanging-wall effects, we considered it in our comparisons for the NGA models because many NGA equations incorporate this kinematic property for dipping faults. (The reader is referred to the figure caption for details of the scenario events.) Except for a few cases, the comparisons depict a fairly good match between our findings and those reported by the other models. Nevertheless, given the relatively small number of reverse faulting records in the dataset, the style-of-faulting dependency of our GMPEs can be subject to further refinements with the accumulation of reverse fault events in the dataset. Figure 6 shows the period-dependent comparisons of our sigma with the models discussed in Figure 5 . We additionally included the standard deviations of Bindi et al. (2010) , another regional model, in these comparisons. Comparisons are done for small (M 5) and large (M 7) magnitude scenarios whose detailed descriptions are given in the figure caption. In general, our sigma values and those of Bindi et al. (2010) are larger with respect to the other models of comparison. This is better observed at the higher magnitudes because neither Bindi et al. (2010) nor our model tend to reduce the aleatory variability for larger magnitudes, as in the case of NGA models. Larger sigma in local models can be attributed to the dataset features or the selected explanatory variables in the functional form. However, when the overall sigma variation is of concern, our sigma values are within the expected limitations among those reported in other GMPEs that have been published over the last four decades (Strasser et al., 2009 ).
Evaluation of Proposed GMPEs
We verified our prediction equations by residual analysis. Figure 7 shows the interevent and intraevent residuals of PGA GM , PGV GM , and PSA GM at T 0:2 s and T 1:0 s. Here, the PGA GM and PSA GM at T 0:2 s residuals represent the performance of our high-frequency ground-motion estimations. Similarly, the PGV GM and PSA GM at T 1:0 s residuals are used to assess the performance of intermediatefrequency to low-frequency ground-motion estimations. The residual plots show straight lines fitted to the residuals (dashed lines) as well as the variations of average residuals for constant intervals of estimator parameters in log-space (solid lines). These lines facilitate the observations on the tendency of residuals with the changes in independent Table 3 Regression Coefficients of Equation (1) regression parameters. We show the p values in each plot to reject or fail-to-reject the null hypothesis of unbiased estimations. The results are discussed for a level of significance of 0.05. Interevent residuals that describe the earthquake-toearthquake variability do not exhibit significant bias with the changes in magnitude (top panels in Fig. 7 ). The increase in vibration period (i.e., T 1:0 s) results in unsafe estimations for increasing magnitude. However, the calculated p value still favors the fail-to-reject decision for the null hypothesis. Similarly, the intraevent residuals (recordspecific variability) against distance (middle panels in Fig. 7 ) suggest unbiased estimations of our GMPEs for the entire frequency band of interest. The intraevent residuals against the V S30 variations (bottom row in Fig. 7 ), on the other hand, suggest that the increase in vibration periods (T 1:0 s in this case) result in conservative estimations; in particular for V S30 > 450 m=s. The increase in V S30 associated with longer periods invokes the linear site amplification term in the chosen site response function. We note that the linear site term in our model is V S30 -dependent (equation 3), and the regional differences in V S30 , as a proxy to define site effects, can be speculated to be a reason for the observed bias toward stiffer sites and longer vibration periods. As a matter of fact, the interstation residuals (Fig. 8 ) of the outlier stations 1 detected among the strong-motion sites used in our GMPEs tend toward the more conservative side with increasing Figure 5 . Comparisons of normal to strike-slip (top row) and reverse to strike-slip ground-motion estimations for scenario earthquakes of M 5 (left column) and M 7 (right column) at a rock site (V S30 760 m=s) located 10 km (R rup ) from the source (corresponding R jb is calculated from the given fault geometry). The faults dip with an angle of 45°. For NGA models of AS08, CB08, and CY08 that consider the magnitude-dependent depth to top-of-rupture (Z TOR ) effect, we used the median Z TOR values recommended by . We also considered the hanging-wall influence that is explicitly accounted for by AS08, CB08, and CY08.
for the GMPEs Derived in This Study
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We ran interstation residual analysis for the entire period band of interest. These analyses indicated that for high frequencies (T ≤ 0:5 s) the interstation residuals generally were distributed in the range 0:6 and for low frequencies in the range 2:0. We described the stations with residuals mostly varying outside these ranges as outlier stations. vibration period and have V S30 values greater than 450 m=s. This observation may partially explain the trends in Figure 7 .
Although not shown here due to space concerns, the perioddependent interevent residual variations of outlier events in our database draw more stable trends with vibration period, thus advocating the complex interaction between the local site conditions and ground motions. The simplicity of using chosen site response function is still appealing, and its improvement with the updated Turkish strong-motion database would certainly enhance our site-dependent estimations. Figure 9 illustrates the period-dependent variation of interevent and intraevent residuals, with emphasis on the possible differences between the mainshock and aftershock ground-motion estimations. The residual plots in Figure 9 suggest that our GMPEs, in general, are unbiased both for mainshock and aftershock ground-motion estimations, although there is a slight tendency of overestimation for aftershocks. This bias can be neglected because the median values of period-dependent aftershock residual bins (horizontal lines in the middle part of each box plot) are almost zero. The large p values (presented in the lower left corner of each panel) also support this observation, advocating once again the lack of difference between mainshock and aftershock ground-motion estimations. reported lower ground-motion estimations for GMPEs that include aftershock events, whereas Douglas and Halldórsson (2010) presented cases opposing this argument. Other studies (e.g., Boore and Atkinson, 1989; Atkinson, 1993) pointed to different scaling of ground-motion estimations upon the consideration of aftershocks without giving a description about the tendency of bias.
Comparisons with Local and Global Predictive Models
We compared our ground-motion estimations with the global GMPEs that are listed in Table 1 . The NGA models consist of very large number of records for better magnitude and distance distributions to reduce the aleatory variability. Figure 10 shows the data distribution in the NGA models in terms of seismic regions (stacked bars). The immediate observation from this distribution is the dominance of California and Taiwan earthquakes in these models. Apparently, the NGA model developers considered negligibly a small number of data from Europe and the Middle East, as well as from the rest of the shallow crustal active seismic regions. The same figure also presents the country-based data distribution of the pan-European predictive model (pie chart). The data are primarily from three countries: Turkey, Greece, and Italy. In fact, recordings from Turkey and Italy cover almost 60% of the Akkar and Bommer (2010) GMPEs. Figure 11 presents our comparisons for PGA GM , PSA GM , and PGV GM at two magnitude levels: M 5 (representing small events) and M 7 (representing large events). These magnitudes correspond to the common lower and upper magnitude bounds of the considered models. Recent observations (e.g., Akkar and Bommer, 2010 ; hereafter referred to as AB10) recommend that comparisons between predictive models should not only depend on the median estimations but should also consider different percentiles to discover their overall characteristics. We adopted this approach and present our comparisons for median (middle panels) and median sigma (end panels) ground motions. We used a reference site class with V S30 760 m=s for the overall comparisons because of the lack of uniformity in site classification among the considered GMPEs. We did not make any fine-tuning between the horizontal component definitions GMRotI50 (NGA models) and GM (AB10 and this study) because, on average, they yield the same values for the ground-motion components of interest (Beyer and Bommer, 2006; Campbell and Bozorgnia, 2006) . We assumed vertical (dip 90°) strike-slip faulting in our comparisons. Some NGA models (i.e., Abrahamson and Silva, 2008 [AS08] ; Campbell and Bozorgnia, 2008 [CB08] , and Chiou and Youngs, 2008 [CY08] ) consider the depth to top-of-rupture (Z TOR ) and soil/sediment depth as additional explanatory variables in their ground-motion estimations. We used median Z TOR values in and the recommended soil/sediment depth of each model developer while implementing these GMPEs in our comparisons. AS08 can explicitly consider the difference between mainshock and aftershock events in the ground-motion estimations. We treated their model for mainshock events, assuming that it is more critical for the comparisons discussed here. We normalized the ground-motion estimations of global models by the estimations of our predictive model in the comparisons. This way, we quantitatively measured the discrepancy between our model and the global GMPEs. Several observations can be made from the comparative plots presented in Figure 11 . First, regardless of percentile, our ground-motion estimations are lower with respect to the global equations. The differences are more pronounced for median and median-sigma estimations. The latter case is due to the adverse effects of large sigma in our model. The discrepancies are significant for small magnitudes and reduce considerably with increasing magnitude. Low-amplitude ground motions observed at large-magnitude events in the Turkish strong-motion database can be one of the reasons for our lower estimations at large magnitudes. Although our GMPEs do not show significant bias for aftershock estimations (see discussions about Fig. 9 ), their inclusion in our model may provoke the lower ground-motion estimations, particularly at small magnitudes. The strength of this remark, however, is debilitated because AB10, AS08, and CY08 also use the aftershock data in their predictive models (Note: We did not activate the aftershock flag in the , model so, strictly speaking, their estimations would reflect the mainshock features as in the case of BA08 and CB08.) The reduced differences between our model and the global models for larger magnitudes might be explained by the reliability of data for larger magnitude events. Another observation from these comparative plots is the large variation among the normalized curves (more emphasized in the small-magnitude case due to vertical axis scaling) advocating the existing discrepancies in the global GMPEs, a topic that has also been discussed in the recent articles by Douglas (2007) , Bommer et al. (2010) .
We further explored the differences between our model and the global GMPEs by deriving predictive equations for PGA GM and PGV GM using the combined Turkish and Italian strong-motion databases (hereinafter referred to as the ITRK database). We then compared our estimations with those of the recent pan-European model . Because PGA and PGV are assumed to represent highfrequency to intermediate-frequency ground-motion components, observations made from these comparisons can be valid for the spectral band considered in this paper. Figure 12 gives a general view about the magnitude and distance distributions of the ITRK and AB10 databases in terms of site classes. The databases draw fairly similar distributions for magnitude and distance. The ITRK dataset, with a total of 1004 recordings (almost twice that of the AB10 database), surmounts the deficient rock site and reverse fault events in the Turkish database that might be put forward as a weakness for our GMPEs. Considering the fact that AB10 is dominated significantly by the strong-motion recordings of Italy and Turkey, comparisons between AB10, our model, and the GMPEs obtained from the ITRK database would yield important information about the differences between regional and global models. (Note: Although AB10 consists of a considerable number of Turkish and Italian data, only onethird of Turkish and Italian records in AB10 overlap with the corresponding Turkish and Italian accelerograms in ITRK.) We used the same regression technique (maximum likelihood) for the PGA GM and PGV GM GMPEs of the ITRK database. The functional form is the same one used in this paper except for the site effects. We classified the ITRK ground motions as rock, stiff, and soft soil site recordings with the V S30 intervals defined in AB10. Essentially, the GMPEs of the ITRK database use the linear site amplification model implemented in AB10. The comparative regression Figure 11 . Normalized ground-motion estimations of the global GMPEs with respect to our prediction equations presented in this paper.
The comparisons are for a small-magnitude (M 5) and a large-magnitude (M 7) strike-slip event at a rock site (V S30 760 m=s) that is 10 km (R jb ) from the seismic source. The dip angle of the strike-slip fault is 90°, and the magnitude-dependent depth to top-of-rupture parameter for some of the NGA models is taken from results are presented in Figure 13 . We used the same scenarios (i.e., M 5 and M 7 strike-slip events at rock sites) in these comparisons for a fair discussion with our previous observations presented in Figure 11 . The plots in Figure 13 indicate that both PGA GM and PGV GM estimations of AB10 are larger than those obtained from the ITRK database and our model. The estimations become similar with increasing magnitude (i.e., with the M 7 scenario). These observations are similar to those made between our predictive equations and the global models considered in this study. Note that, except for small-magnitude events at short distances (R jb < 10 km), our predictions almost overlap with those of the ITRK database. As stated previously, the ITRK database improves the ground-motion sampling with respect to the Turkish dataset for rock sites and reverse faults that apparently increase the stability of ground-motion estimations with a lesser influence on their magnitude and distance-dependent amplitudes.
Comparable observations between Figure 11 and Figure 13 , as well as similar magnitude and distance distributions in the AB10 and ITRK databases, led us to investigate other seismological parameters that dominate ground-motion amplitudes. Departing from the influence of depth on the ground-motion amplitudes, we compared the depth distribution of the ITRK and AB10 databases in Figure 14 . The distributions are based on the histograms with depth bins of 5-km intervals The plots also show the mean (μ M ) and standard deviation (σ M ) of magnitudes in the bins that are approximately the same for both databases. The comparisons indicate deeper events in the ITRK database with respect to the depth distribution of AB10. Fairly similar mean magnitudes in the common depth bins of the ITRK and AB10 databases bring forward the significance of different depth variations in these databases that seem to play an important role on the ground-motion estimations. This observation is underscored further with the comparative depth distributions between the NGA GMPEs and our model (Fig. 15) . These plots also suggest a relatively shallow depth composition of the NGA models with respect to the depth distribution in the Turkish database. The relatively complicated seismotectonic settings for Turkey, due to the complex deformations resulting from the continental collision between the African and Eurasion plates, describe a crustal thickness variation of 25-40 km from western to eastern Turkey (Tezel et al., 2007) . This information is consistent with the depth distribution of our database (Fig. 15 ) that seems to be a prominent factor in the lower Turkish ground motions.
Summary and Conclusions
In this study, we introduced a new set of regional GMPEs for Turkey for magnitude and distance ranges of 5:0 ≤ M ≤ 7:6 and R jb ≤ 200 km using the recently compiled Turkish strong-motion dataset. The new GMPEs estimate PGA GM , PGV GM , and 5%-damped PSA GM between 0:03 s ≤ T ≤ 2:0 s through a functional form that accounts for style of faulting, nonlinear soil behavior, and magnitudedependent saturation and decay effects. We then explored the differences between the local and global predictive models by comparing our new model with the NGA and panEuropean global GMPEs. As part of these comparisons we derived prediction equations on PGA GM and PGV GM using a combined Turkish and Italian ground-motion dataset to complement our observations for the differences between local and global GMPEs. Our studies on the data distribution of global models show that their databases are confined to some specific regions and countries and reflect the shallow active seismicity based on the seismotectonic settings in those locations. Our ground-motion estimations are low with respect to the global models investigated here. The discrepancies are significant at small magnitudes and decrease toward larger magnitudes. In this study, we tried to explain this observation by emphasizing the significance of depth that is not fully considered in the investigated ground-motion models but that its variation can affect the ground-motion estimations, depending on the regional seismotectonic settings. In essence, our comparisons between the GMPEs of this study, Akkar and Bommer (2010) , and the combined Italian and Turkish database (ITRK) suggest that depth distribution becomes important on the differences between local and global GMPEs. We come to this conclusion because the ITRK database has a denser data population and comparable magnitude-versusdistance resolution with respect to the Akkar and Bommer (2010) model but differs in depth distribution, in particular towards deeper events, which results in lower ground-motion estimations with respect to the Akkar and Bommer (2010) Figure 15 . Comparative depth distributions between our predictive model (bottom right corner) and the NGA models.
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GMPEs. This conclusion is augmented by the similar groundmotion estimations of the ITRK database and those of our GMPEs that are due to their comparable depth distributions. As a matter of fact, the differences between the depth distributions of NGA models and our model toward deeper events could be one of the strong reasons behind the discrepancies between the Turkish and NGA GMPEs that give more emphasis to the importance of the depth distribution that may stem from the seismotectonic settings of the regions of interest.
Data and Resources
The Turkish ground motions are obtained from the web site http://daphne.deprem.gov.tr:89/ operated and maintained by the Earthquake Division of the Turkish Disaster and Emergency Management Agency. The Italian accelerometric data are provided by the Milano Section of Istituto Nazionale di Geofisica e Vulcanologia and is available from http:// itaca.mi.ingv.it/ItacaNet/.
The "Compilation of Turkish Strong-Motion Network According to the International Standards" project is conducted by the Earthquake Engineering Research Center of the Middle East Technical University and the Earthquake Division of the Turkish Disaster and Emergency Management Agency.
